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Description 

BACKGROUND OF THE INVENTION 
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This invention relates to a medical material exhibiting superior anti-thrombotic properties and a medical 
instrument or implement making use of such material. properties, ano a medical 

A variety of materials exhibiting anti-thrombotic properties have so far been devised for utilization in 
pump oxygenators, catheters or artificial hearts. As an examole a method for fivi™T ! f 
on the substrate surface has been devised. For 

0 0 otS« a9e H pp^ 3 * V* 5 ^ amine - a dia,de ^e orchitosan is disclosed i EP-A olS 699 EP A^ 
activities proper to heparin. With covalent bonding, surface activi^ 

because the bonding point of heparin with the substrate is the tending S with atTawS!* ™ 
attempt has been made to ionicaHy bond heparin to the cationic surface aTto aos^ink JESSl! 
glutara.de yde the desired effect is not sufficiently persistent because the l^o^STrS 
tTnl T'h ?T? r in ° 9r ° UPS ' f ° f examp,e ' 50 that thefe oniy few plary aSo g^upst 
in T ^ZtlTZlT ^T 3 * Cann0t ° CCUr in «" abS9nC9 " « he ^ an^inoTu 

portions where resilient properties are a requirement. equeniiy occur in 

25 SUMMARY OF THE INVENTION 

m Ji^r'Tt ^ ° bieCt °' the PreSen ' inven,ion 10 overcome *• ab ™ P^blems and to provide a 
med.ca. material having superior anti-thrombotic properties, and a medical implement utilizing sL material 
as well as a method for manufacturing the same. """zing sucn material 

anti ThrlmhnrVn 6 faC l that ' When K iS SimP ' y ,fied t0 immobi,i2e heDarin to the s «bstrate ""ace. sufficient 
antithrombotic properties cannot be produced, or effective positions are used up for this immobilizaZ The 
present mventors have conducted eager researches, and have won a success In^SSSSSil 

^zzsz" positions and in stab,y —° ^ - * ^sssis: 

P*Z U, «2? fl , Si ,tod hePafi " ^ N - SU,,UriC 3Cid P0S " i0nS Which « P^'-V sulfated to produce 

«u h° fif$t ^ ° f ,h9 PreS9nt invention ' the medical material comprising a polymer 

LterizJd in U Pann ,mm0 ° ^ 10 impart anti ' ,hromb0 « c PW» to the substrate. b 5£ 

40 the substrate has functional groups introduced therein by ozonation through which a compound havina 
two or more primary amine groups (A) is coupled, and compourra naving 

the heparin has primary amino groups (B) obtained by partial desulfation of its N-sulfate moieties said 

Ml J Z ™ m °J rOUf3S iB l °' h6Parin deriVa,iVS b6in9 C0Valent 'y bonded to said primal Zo groups 
(A) with at least one coupling agent having groups reacting with the primary amino groups (A) and (B) 

«5 According to the second aspect of the present invention. 1 
the anti-thrombotic material comprises 

(MM a ., S S 8 "° ated 7 th a copolymer of hydroxyethyl methacrylate (HEMA, and methyl methacrylate 

ITwhVh? Se9m8ntS °' HEMA and MMA - Said HEMA se 9 ment comprising epoxy groups 

with which a compound having two or more primary amino groups (A) is reacted and 

moii^'n denVatiVe haVinQ Primary amin ° 9r ° Ups (B) obtained ^ P^ 31 desulfation of its N-sulfate 
^^,Sn a T° 9r ° UPS <B> ° f the hepari " derivative bei "9 cova,en,, y bonded to the primal 

SSK w i w w,th 31 ,east one coup,in9 agent having 9roups reac,in9 with the 

,mJaT^' the . COmP ,° Und Con,ainina hydroxyethyl methacrylate (HEMA) and methyl methacrylate 
(MMA) has the contents of not less than 30% of hydroxyethyl methacrylate (MMA) 

™JnLTf,T hePa T. ** Prepar6d in ,hiS manner and neDarin is fixed to the substrate surface. 
LIS ,h the h COmpound hav, "9 ,he ab °ve functional group on the substrate surface with heparin is 
performed through one or more coupling agents in the form of covalent bonds. The compounds having at 
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least two aldehyde groups, such as glutaraldehyde, may be employed as at least one of these coupling 
agents. 

The medical materials obtained by the above described methods according to the first and second 
aspects of the present invention may be utilized as a variety of anti-thrombotic materials, which in turn may 
5 be used above all in the medical implements having portions contacting with blood. Examples of the 
medical materials include hollow fiber, tube or sheet, whilst examples of the medical implements include 
oxygenators, pump-oxygenating circuits, catheters or artificial hearts. 

Porous membranes or films having numerous micropores are preferably employed as the hollow fibers 
and oxygenators, these micropores being preferably filled with fine particles of, for example, silica, having 
;o lesser particle size than the pore diameter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a chart showing desulfation of N-sulfuric acid positions of heparin and changes in the anti-FXa 
rs and anti-Fila activities proper to heparin. 

Fig. 2 is a chart showing what value, as measured by the ninhydrin method, the amount of the primary 
amino group has by the desulfation of the N-sulfuric acid position of heparin. 

Fig. 3 is a chart showing surface activities of heparin in samples of medical materials obtained by 
Example 2-4. 

20 Fig. 4 is a chart showing surface heparin activities in samples of medical materials obtained in Example 
3-5. 

DETAILED DESCRIPTION OF THE INVENTION 

25 For better understanding of the present invention, the relation between the different aspects of the 
present invention will be explained. In sum, the present invention includes two aspects I and II, including in 
turn separate respective Examples. 

(A) First Aspect : 

30 

A material in which the functional group is introduced on the substrate with the medium of an oxide, 
and coupled through a compound having two or more primary amine groups (A) and a coupling agent to 
heparin, application of the material to a medical implement, and the method for producing the material, 
which are described in claims 1 , 3-7, 9-14 and 16-19. 

35 

(B) Second Aspect 

The material, application to the implement and the method similar to those of the first aspect mentioned 
above with the exception that the functional group is introduced to the substrate with the medium of a 
40 compound mainly containing HEM A and MMA, which are described in claims 2-13 and 15-19. 

(A) First of all, the first aspect of the present invention will be explained. 

In the medical material of the present invention, heparin having a portion of N-sulfate groups thereof 
45 desulfated and converted into primary amines is fixed to a substrate having functional groups, such as, 
epoxy grbup and aldehyde group. 

The substrate having the above functional group is first explained. 

As the substrate, polypropylene, polyurethane or polyvinyl chloride is generally employed, according to 
the usage and application. 

so In general, such substrate itself lacks in the functional group. In this case, the functional group is 
introduced to the substrate. 

According to the present invention, ozone oxidation is utilized for introducing functional groups, such as 
aldehyde, ketone and epoxy groups. 

It has thus been found advisal an expedient to treat the substrate with ozone and to immobilize heparin 
55 through the use of these highly reactive functional groups. Although it would be possible to fix heparin 
directly to these functional groups, the problem of steric hindrance is raised. Thus, the method consisting in 
introducing a spacer into these functional groups and to fix heparin with the aid of this spacer is most useful 
because of ease of operation and exhibition of surface activity proper to heparin. According to the invention 
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this spacer consists in a compound having two or more primary amine groups (A) and a coupling agent 
being able to crosslink amine groups (A) and (B). 

By the above technique, the functional groups can be introduced directly into a resilient material such 
as polyurethane and polyamide/polyether copolymer, so that heparin can be bonded to the polymer easily 
without peeling on the polymer surface. y 

explained in * * l ° ^ SUb$trat6 haVi " 9 Qr0Up 38 mentioned above *»"> be 

Heparin is well known as a compound exhibiting anti-thrombotic properties, and has a N-sulfuric acid 
portion in the form of NHS0 3 Na. Heparin when fixed directly to the substrate surface raises problems as 
mentioned above. It is therefore necessary in accordance with the present invention to desulfate and 
convert a portion of the N-sulfuric acid position into a primary amine. The degree of amination is preferably 
such that the pnmary amino groups account for not less than 5% and not more than 15% based on the 
total number of the amino groups present in heparin, since the amount of the primary amine lesser than the 
above lower limit lowers the amount of covalent bonds and the amount of the primary amino group more 
than the upper l,m.t lowers the activity proper to heparin. The preparation of the partially desulfated heparin 
will be explained in the Examples. 

Then, the fixing will be described between the substrate thus obtained including the primary amino 
group and heparin partially desulfated and primary aminated. 

For fixing the substrate and heparin to each other, a compound having at least two aldehyde groups 
may be used as at least one of the coupling agents, and the primary amine is reacted with the aldehyde 
I". a ' d8hyde compound ma V include Qlutaraldehyde. The coupling agent may be exemplified by 
the aldehyde compound and an epoxy compound, such as polyethylene glycidyl ether. In these cases it is 
necessary for a coupling agent having two or more primary amino groups (A), such as polyethylene glycol 
diamine and polyethylene imine. to be previously coupled to the functional group obtained by an ozonating 
treatment. w 

The medical material in which heparin having its N-sulfuric acid partially desulfated to primary amine is 
fixed to the substrate having the above functional groups represents an anti-thrombotic material which 
makes use of the anti-thrombotic properties of heparin, and may be employed in a variety of medical 
implements, such as. for example, oxygenators, pump-oxygenating circuits, catheters or artificial hearts 
including portions contacting with the blood. Above all. a pump-oxygenator or a self-retaining catheter 
formed of the above material is excellent in anti-thrombotic properties, while being stable against breakage 
bending or clamping. On the other hand, when the porous membrane having numerous micropores for use 
as the gas exchange film or membrane, such as hollow fiber, is processed as described above, the hollow 
fiber exhibiting anti-thrombotic properties may be produced and. when the porous membrane, such as the 
hollow fiber, is used in the oxygenator, an oxygenator having superior anti-thrombotic properties may be 
produced. 

The micropores of the porous membrane employed in the oxygenator are preferably packed with fine 
particles lesser in diameter than the pores. The reason is that, when the gas exchange film is porous and 
hydrophobic and also the functional group are not produced on ozonating treatment, a polymer producing 
the functional groups need be applied previously, in which case, however, the gas exchange film cannot be 
coated uniformly with a polymer, so that the anti-thrombotic properties cannot be exhibited fully while on 
the other hand, the membrane is hydrophilized due to fixing of heparin and hence the plasma tends to be 
exuded and leaked through the pores in case of prolonged circulation. 

The packing of the fine particles in the porous film is as described hereafter. 

The fine particles may be packed in the porous membrane as described in the Japanese Patent 
Application KOKAI No. 64374/1987. This will be explained briefly hereinbelow. 

A liquid dispersion of fine particles having the particle size lesser than the micropores of the porous 
membrane is caused to flow through the porous membrane so that the pores are. stopped up with the 
particles. 

As the materials for these fine particles, inorganic materials, such as silica, alumina, zirconia. magnesia 
barium sulfate, calcium carbonate, silicate, titanium oxide, silicon carbide, carbon black or white carbon or 
high polymer latices. such as polystyrene latex, styrene rubber (SBR) latex and nitrite rubber (NBR) latex 
may be employed. Silica, above all. is the preferred material. The mean particle size of these fine particles 
is 0.003 to 1.0 urn and preferably 0.003 to 0.5 urn. These fine particles are in the form of a liquid 
dispersion and applied as such to the gas exchange membrane. A dispersion medium stable against the 
particles and the gas exchange membrane, such as water and alcohol, may be employed. However when 
the dispersion medium is water, and the gas exchange medium is hydrophobic, it is necessary to 
hydroph.hze the surface of the gas exchange membrane by contacting alcohols, such as ethanol and 
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methanol with the surface of the gas exchange membrane prior to causing the liquid dispersion to flow 
therethrough. 

When the gas exchange membrane is a hollow fiber, the liquid dispersion of the fine particles may be 
passed from the inside of the fiber under a moderate pressure to effect the packing of the fine particles 
more satisfactorily. 

(B) The second aspect of the present invention will now be explained only with reference to the difference 
thereof from the first aspect. 

In the medical material of the present invention, heparin having its N-sulfate groups partially desulfated 
to primary amine is fixed to the substrate having functional groups. 
The substrate having the above functional groups is first explained. 

As the substrate, polypropylene, polyvinyl chloride or polyurethane is generally employed, according to 
the usage and application. 

In general, such substrate itself lacks in primary amine. In this case, the primary amine is introduced to 
the substrate. While there are a variety of methods therefor, the following methods are preferred. 

According to the second aspect of the present invention, a polymer including hydroxyethyl methacrylate 
(HEMA) and methyl methacrylate (MMA) is employed as the material introducing the functional group to the 
substrate. 

This polymer is preferred because the polymer itself has superior adaptability to blood and to living 
body and high safety, while it can be synthesized and coated relatively easily. 

This polymer including HEMA and MMA components is in the form of a block copolymer and the 
HEMA and MMA components form separate segments A and B, respectively. These segments are 
separated from each other in the polymer structure. The reason is that, when the respective components 
are bonded to each other in separate segments, the segments containing MMA having higher water- 
proofness can be bonded intimately to the substrate. The segments A and B herein mean the fractions or 
portions containing HEMA and MMA, respectively. 

The aforementioned functional groups are caused to exist in the segment A containing hydroxyethyl 
methacrylate (HEMA). These functional groups may include epoxy group. 

For affording these functional groups to the HEMA segment the compounds containing glycidyl 
methacrylate (GMA) may be contained in the HEMA segment besides HEMA. Preferably, the epoxy group 
in GMA and the compound having two or more primary amino groups (A) are reacted with each other to 
introduce the primary amino groups on the surface. 

Similarly, compounds other than MMA may also be contained in the segment B mainly containing 
MMA. 

However it is preferred for the compound containing hydroxyethyl methacrylate (HEMA) and methyl 
methacrylate (MMA) to contain not less than 30% of hydroxyethyl methacrylate (HEMA). The reason is that 
with the lesser amount of HEMA, the surface tends to become hydrophobic and the introduced functional 
groups tend to appear on the surface only difficultly during the reaction in the aqueous solution. 

The fixing of heparin to the substrate is as explained in the first aspect except for those portions relating 
with ozonating treatment. The application to medical implements, porous membranes used in oxygenators, 
and the packing of fine particles in the porous membranes are as already described in the first and second 
aspects. 

EFFECT OF THE INVENTION 

According to the present invention, predetermined functional groups are previously introduced onto the 
substrate, whilst N-sulfuric acid position of heparin is partially desulfated and converted into primary amino 
groups and the functional groups of heparin and the substrate are bonded to each other directly or with the 
intermediary of coupling agents for immobilizing heparin to the substrate. Thus the medical materials and. 
above all, the medical implements making use of these materials, such as the oxygenators, are markedly 
improved in antithrombotic and anti-plasma-leakage properties, with the result that the materials or 
implements can be used over an extended period of time. 

EXAMPLES 



The first aspect of the present invention will be explained with reference to several Examples. 
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Preparation of Partially N-desulfated Heparin 

ml o^sTN^n^^'^'HHT/'^r^ 350 '^ in diSti,,6d W3,er t0 prepare a 10%-heparin solution 04 
ml of 5.5 N H 2 SO, was added to 10 ml of this heparin solution and reacted at 95 'C. The reaction mass 
s was samp.ed periodically and the increase in the amount of the primary amino groups was measured T a 
mnhydrin method, whilst anti-FXa and anti-F.la activities, among the h^aSs Ze ^e^ll 
the synthetic substrate method making use of S-2222 and S-223?3. The results TZLTf,*, * 
wn „; r t l aC ! ,0n rf H C ° nd :? d Under the COndition that - a say, all the sulfoamino groups in heparin 

, 0 Zl a ? ' 6 re3Cti0n maSS W3S Samp ' ed Peri0dical, y and *• in ^e in L amount o^e 

io primary amino groups was measured. The results are shown in Rg 2 

It is seen from Fig. 2 that, when the sulfoamino groups are converted as the whole into primary amino 

9 S\he% a the°rtn°d f ^ ^ * M Um ° ,/1 ° mg ta indicated * the ""XST 
of n?ml ,S S ! e " ° m F ' 9 - 1 th3t the heparin activi * is lowered «ith increase in the amount 

of primary ammo groups and the excess desulfation of N-sulfuric acid of heparin is not pre Terr™ For 
»a mainta-n.ng the heparin activity to some extent, it is preferred to maintain the primaV^fgSs b 
heparan at the level of 10 to 20% in -N sulfuric acid from the value of the amino group l^ZSn^Vto 
the whole sulfoam.no group in Rg. 2 and from that of the amino group of Rg 1 Hence in * 3 e t 
foHow aminated heparin obtained by the reaction continuing for 15 mites is employed ' 

«. 75 m ?orith e '. ttie ,, ninr ! ydrin . rea9ent iS PrePafed by diSS0,vin 9 2 9 0< ninh V drin an < 0 3 g of hydrindantin in 
20 75 ml of methyl-cellosolve and adding 25 ml of 4N sodium acetate ( P H 5 5) ywinaannn in 

k T0 , ^ k' ,° f 3 S3mple t0 be ,SSted is added 05 ml of th « ninhydrin reagent and the resultino mixture 
is heated ,n boiling water for 15 minutes. The heated mixture was cooled rapfd.y and admixi with 5 ml S 

d! **, meaSured « 570 nm " Th « o, the amino gtups was 

determined by the coloration degree of leucine. 

25 the m^Vi'n!! 16 ? ^'T 68 anticoa 9 ulanc y activated second blood clotting factor, whereas 

he mark • indicates ant.coagulancy against activated tenth blood clotting factor. There are a doting Sor 
or which heparin exhibits its anticoagulancy only in the high molecular weight range and a cloS So 
for which heparin exhibits its anticoagulancy even in the low molecular weight range. In Fig TaSj 
ao thThl 3 :' T a,ed r^ 0 "' repr8Senta «- of *• **» actors, are faken as examples to ustrS 
la^ges ^ an,iCOa9ulant ac,ivities ,0f bo,h *• high and low molecular weigh, 

It is seen from Figs. 1 and 2 that the amount of the primary amino groups in heparin is increased with 
incuba tl on ,,me. but the activities proper to heparin are lowered gradually as shown in Rg 1 7X£ 
necessary to turn the N-sulfuric acid position of heparin into primary amine in the region in 
as activities proper to heparin are not lowered inappropriately. 

The first aspect of the present invention will be explained with reference to several Examples. 

I. Introduction of Functional Groups to the Substrate 
40 Example 1-1 

Sheets of PEBA 6333SAOO and 2533SAOO, both a block copolymer of nylon and polyether produced 
reUri T ™ "? T** 3 SO,ve ' ,, - solub,e P°<y"ethane. were prepared and termed A B ^d ? 
respectively. The sheet A was processed by an ozonator produced by Nippon Ozone Co.. Ltd. under 
« conditions of 0.8 ht/mm of O, and 50'C for 10 minutes, while the sheets B and C were processed tor a 
minutes under otherwise the same conditions. These processed sheets were termed A1 B1 and CI 
respectively. 

The changes in the ratio of the surface element composition were measured by ESCA before and after 
the ozonating treatment. The results are shown in Table 1 -1 . 

50 „ lhi L h L a, f ehyde T T SUfaC9 W3S ascertained usi "9 a Shift's reagent. It was found that the samples 

th ZZ1 h ThT 9 tment A1, 81 " d 01 W6re ,Wn8d in a red purp,e to b,ue *>rple tin,, whereas 
those not subjected to ozonating treatment A, B and C were not stained. 
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Table 1-1 



Analysis of Surface Composition by ESCA 




A 


A1 


B 


81 


C 


C1 


0 


17.12 


29.16 


21.25 


25.85 


18.39 


22.43 


N 


0.80 


1.43 


1.70 


4.78 


3.36 


4.17 


C 


82.05 


69.74 


77.04 


69.36 


78.25 


73.40 



70 

II. Preparation of Partially N-Desulfated Heparin 
Example 1-2 

The commercially available heparin was dissolved in distilled water to prepare a 10%-heparin solution. 
10 ml of this heparin solution were charged into 0.4 ml of 5.5N sulfuric acid and incubated at 97 *C for ten 
minutes. 

The amount of the primary amino groups in the produced heparin was 11% of total amino groups in 
20 untreated heparin. 11% were inclusive of those possessed by heparin from the outset and those produced 
by desulfation of sulfuamino groups. 

III. Heparin Fixation to Substrate and Evaluation 
25 Example 1-3 

The sheets A, B, C, A1, B1 and CI, produced in accordance with the Example 1-1 were immersed at 
45 *C for 24 hours in 1.7% PGD-10 (polyethyleneglycol diamine) or 0.5% polyethylene imine (PEI), 
manufactured by BASF, adjusted to pH of 10. Then, acetic acid buffer solutions. pH 4.5, were prepared of 
30 0.5% partially desulfated heparin reacted according to Example 1-2 and heparin prior to the reaction and 
the films were immersed in these solutions at 45 *C for 24 hours. The films were then immersed in a 2.5% 
glutar aldehyde acetic acid buffer solution, pH 4.5, at room temperature for 24 hours and then in 1 % NaBH* 
carbonic acid buffer solution, pH 10, at room temperature for four hours. 

The sheets thus processed were immersed in 0.01 N hydrochloric acid and stained in toluidin blue. It 
35 was found that the sheets A, B and C not subjected to ozonating treatment were scarcely stained. 

The sheets subjected to ozone treatment A1, B1 and C1 were stained only slightly when reacted with 
heparin prior to reaction, while the same sheets when reacted with partially desulfated heparin were stained 
in purple to red purple color. 

The sheets A, B, C, A1, B1 and C1 produced in accordance with Example 1-1 and processed similarly 
40 except the process of reacting with PEI and PGD-10 were stained in blue purple color when they were 
reacted with partially desulfated heparin after ozonating treatment. 

Example 1-4 Anti-Thrombotic Properties of Tube on which Heparin was Fixed 

45 A tube having an inside diameter of 1.4 mm was prepared from a polymer B shown in Example 1-1. 
Also a polyurethane tube having an inside diameter of 1 .4 mm and coated on its inner surface with polymer 
C was prepared. The inner sides of these tubes were ozonated under the same ozonating conditions as 
those of Example 1*1. Partially desulfated heparin obtained in accordance with Example 1-2 was fixed on 
these inner sides in accordance with Example 1-3. These samples were termed B2, C2. B3 and C3. The 

so samples without ozonating treatment of the tube and subjected to heparin fixing treatment were also 
prepared and termed B4, C4, B5 and C5. 

In the samples B2, C2, B4 and B4, and samples B3, C3, B5 and C5, polyethylene glycol diamine and 
polyethylene imine were used respectively as the coupling agents between the substrate and heparin. 

These tubes were rinsed with a borate buffer solution, pH 9. for 15 hours and then rinsed with a 

55 phosphate buffer solution, pH 7.4, for two hours. Anti-thrombi nic surface properties of each tube were then 
measured. 

tn more detail, a tube on which heparin was fixed was cut to a length of 56 cm and 0.5 ml of 0 to 10 
U/cc of thrombin (4% Alb saline solution) was introduced into the tube and allowed to contact with the inner 



7 



EP 0 351 314 B1 



surface of the tube by use of a rotary mixer for 15 minutes. The thrombinic concentration of the inside 
liquid was measured to compute the amount of thrombin adsorbed to the inner tube surface. The tubes to 
wh,ch thrombin was adsorbed was washed with a saline solution. Then, 1 0 ml of a deteraent ouid o e 

ofih?/ r caused vr n throu9h the inside of the **• at *• *• * ^iS^s^z 

1 Jrl? "fl CaUSed t t0 *? dr ° PWiSe int ° 02 m ' °' 50% acetic acid ,0 ^rminate the reaction Sgh 

TSSZSL lnZ« T Tk meaSUred Md 3 Ca,ibrat,0n Cu ™ for col °' *-«op«nB properties o 

S-2238 with respect to the amount of thrombin adsorbed to the inner surface was prepared 

■ IT' c oLo AT "'" W3S introduced int0 a tube to which lOU/cc of thrombin was adsorbed After 
incubation, S-2238 was similarly subjected to color development with thrombin remaining onTe inner 
surface and the amount of thrombin remaining on the inner surface was calculated from the 'di d co"o 
development and the calibration curve. aegree or color 

The changes in the amount of thrombin remaining on the inner surface with the incubation time for AT- 
:S 2 R9 - 3 - ■ ~ *"* - - ^ * opting treat™. 

^££^^2£Z££ minutes - d heparin — « - «-« - 

The results are shown in Table 1-2. It is seen from this table that the effect of ozonating treatment and 
heparin immobolization manifests itself in the actual blood. «o«»meni ana 

The method and the significance of the Chandelier's loop test are explained hereinbelow 
By measurement of the time during which the fresh blood not treated for anticoaguiancy becomes 
coagulated. ,t ,s possible to evaluate the .eve. of antithrombotic properties of the matBriaSe^by Z 

This tube was cut to a length of 20 cm and 88 ul of fresh blood sampled from the veins of the rabbit's 

tT^T T.Z *! ,UbS Se9mem WhiCh W3S bent int0 a to °P a " d tunmi aV 8 rpm 

The timo until she blood is coagulated and start to turn with the tube was measured 

propS SJ^TtllZ th3t ^ " ^ ° ZOne Pr0C6SSin9 ^ 
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Example 1-5 

Using a polymer B, the catheter with an inner diameter of 1.4 mm, an outer diameter of 2.2 mm and a 
length of 500 mm was produced. A polymer C was coated on the inner and outer surfaces of polyurethane 
to produce similarly the catheter with an inner diameter of 1.4 mm, an outer diameter of 2.2 mm and a 
length of 500 mm. The inner and outer surfaces of this catheter were treated with ozone and heparin was 
fixed to the inner and outer surfaces of the catheter similarly to the samples B3 and C3 of Example 1-4 to 
produce the catheter with heparin fixed thereto (samples B6 and C6). On the other hand, heparin was 
immobilized to the inner and outer surfaces of the catheter, similarly to the samples B4, C4, B5 and C5, 
without ozonating treatment, to produce catheters (B7, C7, B8 and C8). 
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With cannulation being made to left and right femoral veins of a mongrel weighting 15 kg and lactate 
nngel solution was caused to flow in the inside at a rate of 5 ml/hr, the catheter was left for 8 hours and 
then taken out to observe visually the degree of formation of thrombi in the catheter. 

Thrombi were scarecely formed on the inner and outer sides of the catheters 86 and C6 whereas the 
inner sides of the Catheters B7, C7, B8 and C8 were substantially occulated while a large number of 
thrombi were affixed to the outer sides, thus demonstrating the favorable result of heparin immobilization bv 
ozonating treatment. ' 

Example 1-7 

Polyurethane soluble in a solvent (NKY-9LH produced by Nippon Polyurethane Co.. Ltd.) was coated on 
a soft vinyl chloride tube (CBT-650 produced by Terumo Kabushiki Kaisha). This tube was treated by an 
ozone generator for ten minutes at a flow rate of 0.8 lit/min of Ch and at 50 -C. This tube was immersed at 
45 -C for 20 hours in 0.05% polyethylene imine (PEI) and then at 45 'C for four hours in 0.5% heparin (dH 
4.0. 0.1 M acetic acid buffer). H 

On the other hand, polyepoxy compound (Denacol EX-421 produced by Nagase Co Ltd ) and a 
diepoxy compound (Denacol EX-313 produced by Nagase Kasei Co.. Ltd.) were dissolved in'lO mM of an 
acet.c acid buffer. pH 4.0 to produce an aqueous solution of 5% polyepoxy compound and 10% diepoxy 
compound. Water-insoluble components were precipitated by centrifugation at 3000 rpm for ten minutes 
The above tube was immersed in the recovered supernatant liquids as tubes I and II. 10 mM of acetic acid 
buffer solut.on not containing epoxy compounds, pH 4.0, was immersed in the tubes processed as above as 
tube III. 

These tubes were reacted at 45 'C for 20 hours and 44 hours, each tube showing as I-20 (hr) l-44(hr) 
II-20 (hr) and II-44 (hr). The tubes were then immersed for 16 hours in 1M ethanolamine. pH 10 before 
washing with water. These samples were stained with toluidine blue and the results as shown in Table 1-3 
were obtained. 



Table 1-3 



hr 


Ex. I 


Ex. II 


Com p. 








Ex. Ill 


20 


+ 


+ 




44 


+ + + 


+ + + 





Example 1-8 



A sheet of urethane soluble in a solvent (NKY-9LH) was prepared by dipping. This sheet was processed 
as in Example 1-7 and heparin was immobilized on this sheet. The sheet was then immersed in a 
polyepoxy and diepoxy compounds same as in Example 1-7 for 20 hours or 44 hours to perform an epoxy 
treatment (i). followed by ethanol amine treatment (ii) including immersion in 1M ethanol amine solution pH 
10.0, and further immersion treatment (iii) in 1M sodium chloride. pH 10. to remove ion-bonding heparin." 

The ratio of the elementary composition of each sheet was measured at each stage of (i) to (iii) The 
results are shown in Table 1-4. 



Table 1-4 



(S element composition ratio in %) 




Ex. 1 


Ex.2 


Cmp. Ex. Ill 


hr 


20 


44 


20 


44 


20 


44 


(i) 


1.91 


2.07 


2.03 


1.96 


2.03 


2.03 


(ii) 


0.99 


1.12 


0.92 


1.24 


0.57 


0.51 


(iii) 


0.93 


1.17 


0.94 


1.28 


0.60 


0.53 
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Example 1-9 

Polyurethane soluble in a solvent (NKY-9LH) was coated on the inner surface of a soft polyvinyl chloride 
tube (inside diameter, 1.4 mm) which was then treated in the same way as in Example 1-7. Heparinated 
5 tubes were produced in this manner for each of I-44 (hr) t II-20 (hr) and H-4 (hr). Evaluation of anti-thrombotic 
properties was made of each tube by the Chandelier loop method. 

For comparison and reference, the sample III in Example 1-7 was employed. 

The evaluation was made on these samples directly and after incubation with 6% albumin for 24 hours 
three times and washing desorbed excess heparin thoroughly. The results are shown in Table 1-5. 
to It is seen from the above results that anti-thrombotic properties have been realized by fixing heparin to 
the epoxy compounds. It is felt that excess heparin has been substantially removed by processing with 1 M 
ethanol amine processing at pH 10. 
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Example 1-10 

Polyurethane soluble in a solvent (NKY-9LH) was applied to the inner and outer surfaces of a soft vinyl 
chlonde tube (inside diameter, 1.4 mm; outside diameter f 2 mm) and heparinated tube was produced in the 
same way as in Example 1-7 in accordance with 1-44 (epoxy compound 0% was processed as Comparative 
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70 



;5 



20 



Example 111 for 44 hours). 

With cannulation into left and right femoral veins and artery of a mongrel weighing 15 kg, and causing 
the inner side to flow with a lactate ringel at the rate of 5 ml/hr, the tube was left for 8 hours and then taken 
out to observe the degree of formation of thrombi visually. The sample I-44 was substantially free from 
thrombi, whilst in III numerous thrombi were noticed on both the inner and outer sides. 

The second aspect of the present invention will be explained with reference to several Examples. 

I. Introduction of Functional Groups to Substrate 
Example 2-1 

Polymers P1 to P4 of various compositions shown in the following Table 2-1 were prepared and coated 
on flat microporous polypropylene films. The polymer solutions were adjusted by diluting a 15% polymer 
solution in methyl cellosolve with methanol or a 9 : 1 methanol : acetone solution into a 2.5% polymer 
solution. 

It is noted that epoxy groups are introduced into the segment containing hydroxyethyl methacrylate 
(HEM A) by bonding glycidyl methacrylate (GMA) whilst acrylic acid (AA) is introduced into the segment 
containing methyl methacrylate (MMA). 

Table 2-1 



25 



Polymer Composition 




HEMA segment HEMA/GMA (wt.%) 


MMA segment MMA/AA (wt.%) 


P1 (comparison) 


80/0 


20/0 


P2 


68/12 


17/3 


P3 


55/25 


17/3 


P4 


40/40 


17/3 



30 



35 



40 



II Preparation of Partially N-Desulfated Heparin 
Example 2-2 

The commercially available heparin was dissolved in distilled water to prepare a 10%-heparin solution. 
10 ml of this heparin solution was charged into 0.4 ml of 5.5N sulfuric acid and incubated at 97 *C for ten 
minutes. 

The primary amino groups in the total amino groups in the produced heparin accounted for 1 1 % of total 
amino groups in untreated heparin. 11% were inclusive of those possessed by heparin from the outset and 
those corresponding to the N-sulfuric acid positions desulfated and turned into primary amines. 

III. Fixation of Heparin to Substrate and Evaluation 



45 Example 2*3 

A film prepared in accordance with Example 2-1 was immersed in 0.1% ethylene diamine and 1.7% 
PGD-10 (polyethylene glycoldiamine), adjusted to pH of 10. at 45 -C and for 24 hours. Then, acetic acid 
buffer solution of pH 4.5 was prepared for each of 0.5% partially N-desulfated heparin reacted in 

so accordance with Example 2-2 and heparin prior to reaction and the film was immersed in this solution at 
45 • C for 24 hours. The film was immersed in a 2.5% glutar aldehyde acetic acid buffer solution of pH 4.5 
at room temperature for 24 hours and then in a 1% NaBH* carbonic acid buffer solution, pH 10, at room 
temperature for four hours. 

These processed films were immersed in 0.01 N hydrochloric acid and stained with toluidin blue. The 

55 films immersed in heparin not . desulfated were substantially not stained, whereas the films immersed in 
partially desulfated heparin of polymers P2 to P4 were stained in red purple color. However, the polymer P1 
was not stained. The films were also immersed in a borate buffer solution of pH 9 for 15 hours to remove 
ion-bonded heparin and dyed in a similar manner. It was found that there was no change except that the 
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heparin immersed in film could not be stained. 



^ ^ B ° ndin9 Pr ° PertieS betW86n Hepa " n and Substrate in ^ ^9ion (comparative 

PGD^O in , a TH danCe T' 1 " EX3mp,e 2 ° WaS immersed in 01% oHmin. and 1.7% 

PGD-10 polyethylene glycol diamine), adjusted to pH of 10, at 45'C for 24 hours A 0 5% acetic acid 
buffer solution of pH 4.5 was prepared for each of partially desulfated heparin racted in acc^ance S 

Th'T T 6Parin Pri ° r t0 reaCti ° n ' ,Nm W3S immerS6d in this « "s 3 ^ "ou ^ 

The film was then , immersed in a phosphate buffer so.ution of pH 7.4 at room temperature for 24 hours 
stained in the s.milar manner and was found to be scarcely stained 

range™ ^ '** St3ted ' " f °"° WS hePari " ^ S " bStrate ^ b ° nded ionica,| y th ° neutral 
Example 2-5 Antj-Thrombotic Properties of Heparinized Tube 

1 4 mm ^Z-T7 in ,f! ( l rnPle 2 *' W3S C ° ated °" P0,yamide each navi "9 the inside diameter of 
1.4 mm and partially desulfated heparin produced in Example 2-2 similarly to Example 2-3 was fixed to the 
polymer These tubes were washed in a borate buffer solution of P H 9 for 15 hours and £7. ^SlJ 
buffer solutron of pH 7.4 for two hours and antithrombotic surface properties of each tube were meSS 

nfT« 11 h I" 6 S ° U, ' 0n) W3S intr0dUC8d int0 the *"» and al,owed to co "» a " with the inner suSce 
™1Z ^ ° 3 I° ,ary miX6r ' 0r 15 minUteS - 108 thrombinic concentration of the inside liquTwS 
measured to compute the amount of thrombin adsorbed to the inner tube surface. The tube !S 
thrombm was adsorbed was washed with a saline solution. Then. 1.0 ml of a detergent liquid (06 mM t 
2238) was caused to flow through the in S ide of the tube at the rate of 2 ml/min and I liquid flowing om of 
the tube was caused to flow dropwise into 0.2 ml of 50% acetic acid to terminate the reaction. T^lgh 

TSSTZ 7?T SO ' Uti0n ^ meaSUfed 3nd 3,1 Cu ™ f °< c ° ,or ^eloping propel so 

S-2238 w.th respect to the amount of thrombin adsorbed to the inner surface was prepared 

• 1 r Tooo? AT "'" W3S introduced in, ° a » u °e to which lOU/cc of thrombin was adsorbed After 

surft^fh 38 *"? ■ ***** l ° COl0r ^'^nt with thrombin remaining on the inner 

d£?~, Z ° , remainin9 ° n ,he inner Surface was ca,cu,ated *«" degree of color 
development and the analytical curve. 

^J^nT ^ am ° Un i °* tnrombin remainin 9 on ^e inner surface with the incubation time for ATM 
actSes 9 W3S f ° Und ,h3t th6 ^P' 68 Stained 10 red t0 P ur P ,e color exhibited 

It is seen from Fig.4 that the polymer to which glycidyl group was introduced exhibited surface heparin 
activities and. above all. the polymer having higher HEMA contents exhibit such activities. 

IV. Fixation of Heparin to Oxygenator and Evaluation 

Example 2-6 

A polypropylene hollow fiber type oxygenator having the inside diameter of 200 urn. wall thickness of 
25 urn. porosity of 4% and a mean pore diameter of 700 A (film surface. 0.8 m*) was coated with the 
polymer P2 shown in Table 2-1. This oxygenator was immersed in 1.7% PGD-10 (polyethylene glycol 
diamine), adjusted to pH 10. at 45 'C for 24 hours. 9 7 

An acetic acid buffer solution. pH 4.5. of 0.5% partially N-desulfated heparin reacted in accordance with 
Example 3-2 was prepared and the oxygenator was immersed in this solution at 45'C for 24 hours The 
oxygenator was immersed in an acetic acid buffer solution of pH 4.5 with 2.5% of glutar aldehyde at room 
temperature for 24 hours. The oxygenator was then immersed in 1% NaBhU, pH 10 carbonic acid buffer 
solution at room temperature for four hours to produce an oxygenator A. 

On the other hand, ethanol was caused to flow into the similar oxygenator via blood inlet to hydrophilize 
the Qas exchange film. After substitution with distilled water, a dispersion of colloidal silica of mean particle 
size of 0.0125 urn ,n water was caused to flow into the oxygenator and filtrated through the gas exchange 
film for packing the silica in the pores. The distilled water was then introduced for dispalcing the dispersion 
m water of s.l.ca remaining in the inside of the gas exchange film and the oxygenator was then dried The 
oxygenator was processed in the similar manner as for the oxygenator to produce the oxygenator B 
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An oxygenator not coated with the polymer shown in Table 2-1 was prepared for comparison and 
reference as an oxygenator C. 

Example 2-7 Evaluation of Anti -Thrombotic Properties 

An A-V shunt was performed for femoral veins and artery of a mongrel weighing 25 kg, with respect to 
oxygenators A t B and C on which heparin was immobilized in accordance with Example 2-6 and the blood 
was circulated at the maximum rate of 400 ml/min. 

There was no lowering of the flow rate caused by the increased pressure loss during circulation for 
eight hours through the oxygenators A and B. 

The flow rate was seen to be lowered after 9 hours in the oxygenator A, whereas there was no lowering 
of the flow rate even after 12 hours in the oxygenator B. 

Conversely, circulation was rendered unfeasible in two hours in the oxygenator C due to formation of 
thrombi in the oxygenator C. Plasma leakage was seen to occur after 6 hours in the oxygenator A, whereas 
such plasma leakage was not noticed even after 12 hours in the oxygenator B. 

Claims 

1. A medical material comprising a polymer substrate and heparin immobilized thereon to impart anti- 
thrombotic properties to the substrate, characterized in that 

the substrate has functional groups introduced therein by ozonation through which a compound 
having two or more primary amine groups (A) is coupled, and 

the heparin has primary amino groups (B) obtained by partial desulfation of its N-sulfate moieties, 
said primary amino groups (B) of said heparin derivative being covalently bonded to said primary 
amino groups (A) with at least one coupling agent having groups reacting .with the primary amino 
groups (A) and (B). 

2. A medical material comprising a substrate and heparin immobilized thereon to impart anti-thrombotic 
properties to the substrate, characterized in that 

the substrate is coated with a copolymer of hydroxyethyl methacrylate (HEM A) and methyl 
methacrylate (MMA) formed of separate segments of HEM A and MMA. said HEMA segment compris- 
ing epoxy groups with which a compound having two or more primary amino groups (A) is reacted, and 

the heparin has primary amino groups (B) obtained by partial desulfation of its N-sulfate moieties, 
said primary amino groups (B) of said heparin derivative being covalently bonded to said primary 
- amino group (A) with at least one coupling agent having groups reacting with the primary amino group 
(A) and (B). 

3. Material according to one of claims 1 or 2, wherein said desulfated heparin has between 5 and 15% 
primary amino groups with respect to the sum of the original primary amino groups and the original N- 
sulfate moieties in the native heparin. 

4. Material according to any one of claims 1 to 3, wherein said partial desulfation is carried out in aqueous 
sulfuric acid. 

5. Material according to any one of claims 1 to 4. wherein said substrate is a member selected from the 
group consisting of polypropylene, polyvinyl chloride and polyurethane. 

6. Material according to claim 1 , wherein said substrate is a polyamide/polyether copolymer. 

7. Material according to any one of claims 1 to 6, wherein said coupling agent is glutaraldehyde. 

8. Material according to claim 2 wherein said copolymer containing hydroxyethyl methacrylate (HEMA) 
and methyl methacrylate (MMA) contains not less than 30% of hydroxyethyl methacrylate (HEMA). 

9. A medical implement wherein at least a portion thereof contacting with the blood is formed of the 
material according to any one of claims 1 to 8. 
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1 °" ir»T ?*' Wherei " at ' eaSt 3 POrti0n thereof contac,in 9 with th * blood is formed of the material 
according to any one of claims 1 to 8. material 

m 6 rh«nr at0r h COmpriSin l a POr ° US membran9 havi " 9 a multi P |ici, y °» micropores as a gas exchange 
membrane, where.n a surface of the membrane on which the blood is circulated is Z^TSl 
material according to any one of claims 1 to 8. circulated is formed of the 

12. The oxygenator according to claim 11 wherein a multiplicity of fine particles havina a 4» 
lesser than the diameter of the pore is packed in said micropores of soporous membrane' 

13. The oxygenator according to claim 12 wherein said fine particles are silica particles. 

14 A 7*ur2, f n r " 9 3 T^* materia ' aCCOrdin9 10 claim 1 which com P"ses the steps of 

a treating a polymer substrate by ozonation to introduce functional groups therein 
b coup mg a compound having two or more primary amino groups to said functional groups and 

diSSS IT 9 ami ?° 9r ° UPS °' ,h6 ° Xidi2ed SUbs,rale *« the ami ™ groups o'f partally 
desulfated heparin by means of a coupling agent. pamaiiy 

15< A ^TnJlTT? f med K Ca ' materia ' aCC ° rdin9 10 c,aim 2 which com P ri «* the steps of 

HEMAand M M f IhpmT ' " HEMA and MMA made U P °< "I** segments of 

HEMA and MMA. the HEMA segment containing a compound having epoxy groups 

c c"\.X C Zd^ d thT 9 ^ ° f ^ Primary amin ° 9f0UpS * ,h S * d coated sut >strate. and 
dl^a^ — a " d - «*» 9 -PS of partly 

16 - irrsss^°~ of c,aims 14 or 15 wherein said coup,in9 a9ent is a c °^ d -*> - 

17 ' S3J^*^ n8 t0 C ' aim 16 S3id C ° mp0Und havin9 at teast groups is 

m SiSSSS 8 10 any on9 01 c,aims 15 ' 17, wherein said compound containin9 epoxy 9roups * 

19 ' t^^SS l t m OXy9en f t0r 38 d6fined in daim 11 ' wherein *° ma,eriaJ is Prepared 

according to the method of any one of claims 14-18. 

Patentansprtiche 

1 ' 5I!22^^^^ ,, ^ Um ' aSSend Po, y mersubstra t »d darauf immobilizes Heparin, urn dem 
^n^.' ThrOTbOS8 !' 99nSCha,ten 20 ver,eihen ' dadurch Sekennzelchnet. daB das Subset 

fUnkti0ne " e GrUPPen aUfweiSt ' dorch die eina V ^indung J*522 
SETrfTTT Amm9rUPPen (A) 9ebunden * «d das Heparin primare Aminogruppen (B) 
orima 1 A J 8,ne Desul,Ufieru " 9 seine ' N-Sulfat-Gruppen erhalten wurden ££ die 

pnmaren Aminogruppen (B) des Heparinderivats mit mindestens einem VerknOpfungsmitteY <£ 

2sss5rs s^rjr ren M *~ (A) und < b > — 

2 ' ^S^ZT^^^ ei " SubS,fat Und darauf im ^bilisiertes Heparin, urn dem Substrat 
Antr-Thrombosee^enschaften 2U verleihen. dadurch gekenruelchnet daB das Substrat mit einem 
Copolymer aus Hydroxyethylmethacrylat (HEMA) und Methylmethacrylat (MMA) dasTus aetrennten 

de f f MA und MMA 9ebi,de * isl beschich,et * wobei das hemS^STSSS 

pen umfaflt. m,t denen erne Verbindung mit zwei Oder mehreren primlren Aminogruppen (A) umgeseS 

S^f a rrr, a nl Prim ! r t Amin09rUPP6n (B) aufWeiS,< die durch eine P artie,,e Desulfurierung seiner N- 
Sulfat-Gruppen erhalten wurden. wobei die primSren Aminogruppen (B) des Heparinderivats mit 

unr B wr! n emem J e r ap,Un9Smitte '- d3S Gnippen au,wei * * S *" Pnmaren Aminog uppen W 
und (B) reag.eren. kovalent an die primSren Aminogruppen (A) gebunden sind. 
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3. Material nach einem der Anspruche 1 Oder 2. dadurch gekennzeichnet, daB das desulfurierte 
Heparin in Bezug auf die Summe an ursprunglichen primaren Aminogruppen und ursprunglichen N- 
Sulfat-Gruppen in dem naturlichen Heparin zwischen 5 und 15% primare Aminogruppen aufweist. 

4. Material nach einem der Anspruche 1 bis 3, dadurch gekennzeichnet, daB die partielle Desulfurie- 
rung in waSriger Schwefelsaure ausgefuhrt wird. 

5. Material nach einem der AnsprOche 1 bis 4, dadurch gekennzeichnet, daB das Substrat eine 
Verbindung ist, ausgewahlt aus der Gruppe bestehend aus Polypropylen, Polyvinylchlorid und Polyuret- 
han. 

6. Material nach Anspruch 1 , dadurch gekennzeichnet, daB das Substrat ein Polyamid/Polyether- 
Copolymer ist. 

7. Material nach einem der Anspruche 1 bis 6. dadurch gekennzeichnet, daB das Verkniipfungsmittel 
Glutaraldehyd ist. 

S. Material nach Anspruch 2 , dadurch gekennzeichnet, dafl das Copolymer, das Hydroxyethylmetha- 
crylat (HEMA) und Methylmethacrylat (MMA) enthait, nicht weniger als 30% Hydroxyethylmethacrylat 
(HEMA) enthait. 

9. Medizinisches Gerat. wobei mindestens ein Bereich davon, der mit dem Blut in Beruhrung kommt. aus 
dem Anti-Material nach einem der Anspruche 1 bis 8 gebildet ist. 

10. Hohlfaser, wobei mindestens ein Bereich davon, der mit dem Blut in BerUhrung kommt, aus dem 
Material nach einem der Anspruche 1 bis 8 gebildet ist. 

11. Oxygenierungsvorrichtung, umfassend eine porose Membran mit einer Vielzahl an Mikroporen als eine 
Gasaustauschmembran, wobei eine Oberflache der Membran, auf der das Blut zirkuliert, aus dem 
Material nach einem der AnsprOche 1 bis 8 gebildet ist. 

12. Oxygenierungsvorrichtung nach Anspruch 11, wobei eine Vielzahl an feinen Teilchen mit einer Teil- 
chengroBe, die kfeiner als der Porendurchmesser ist, in die Mikroporen der porosen Membran 
eingebracht ist. 

13. Oxygenierungsvorrichtung nach Anspruch 12, wobei die feinen Teilchen Siliciumdioxidteilchen sind. 

14. Verfahren zur Herstellung eines medizinischen Materials nach Anspruch 1, das die nachstehenderr 
Schritte umfaBt: 

(a) Behandlung eines Polymersubstrats mittels Ozonisierung unter Einfuhrung von funktionellen < 
Gruppen, 

(b) Bindung einer Verbindung mit zwei Oder mehreren primaren Aminogruppen an die funktionellen 
Gruppen, und 

(c) kovalentes Verbinden der Aminogruppen des oxidierten Substrats und der Aminogruppen des 
partiell desulfurierten Heparins mittels eines Verknupfungsmittels. 

15. Verfahren zur Herstellung eines medizinischen Materials nach Anspruch 2, das die nachstehenden 
Schritte umfaBt: 

(a) Beschichten eines Substrats mit einem Copolymer aus HEMA und MMA. das aus getrennten 
Segmenten aus HEMA und MMA gefertigt ist. wobei das HEM A-Segment eine Verbindung mit 
Epoxygruppen enthait. 

(b) Umsetzen einer Verbindung mit zwei Oder mehreren primaren Aminogruppen mit dem beschich- 
teten Substrat, und 

(c) kovalentes Verbinden der Aminogruppen des Substrats und der Aminogruppen des partiell 
desulfurierten Heparins mittels eines Verknufungsmittels. 

16. Verfahren nach einem der Anspruche 14 Oder 15, wobei das Verknupfungsmittel eine Verbindung mit 
mindestens zwei Aldehydgruppen ist. 
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17 " y^s?™ naCh AnSPn ' Ch 16 ' W ° bei Verbindung mit mi "destens zwei Aldehydgruppen Glutaraldeh- 

m SSSS^SSS der 15 " 17, wobei die verbindun9 ' di ° die Epox ^pp- entha.t. 

19. Verfahren zur Herstellung einer Oxygenierungsvorrichtung nach Anspruch 11. wobei das Material nach 
dem Verfahren nach emem der Ansprtiche 14-18 hergestellt wird. 

Revendications 

1. Materiau medical comprenant un support polymere et de I'heparine immobilisee sur celui-ci pour 
conferer au support des proprietes anti-thrombotiques. caracterise en ce que le support a des groupes 
fonct.onnels .ntrodu.ts par ozonation, au moyen desquels un compose ayant deux groupes amino 
pr.ma.res (A, ou plus est couple et I'heparine a des groupes amino primaires (B) obtenus par 
desulfatat.on partielle de ses restes N-sulfates. lesdits groupes amino primaires (B) dudit tfrM 
dheparine etant hes de maniere covalente auxdits groupes amino primaires (A) avec au moins un 
agent de couplage ayant des groupes reagissant avec les groupes amino primaires (A) et (B) 



2. 



Mater.au med.cal comprenant un support et de I'heparine immobilisee sur celui-ci pour conferer au 
support des propnetes anti-thrombotiques. caracterise en ce que le support est revetu avec un 
copolymers de methacrylate d'hydroxyethyfc (HEMA) et de methacrylate de m<Sthyle (MMA) form* de 
sequences separees de HEMA et de MMA. ladite sequence de HEMA comprenant des groupesloxy 
avec lesquels un compost ayant deux groupes amino primaires (A) ou plus est mis a «Jagir et 
I hSparine a des groupes amino primaires (B) obtenus par desulfatation partielle de ses restes N- 
sulfates. Iesd.ts groupes amino primaires (B) dudit derive" d'heparine 6tant li£s de maniere covalente 
auxd.ts groupes amino primaires (A) avec au moins un agent de couplage ayant des groupes 
reagissant avec les groupes amino primaires (A) et (B). 

3. Matdriau selon I'une des revendications 1 ou 2. dans lequel ladite hSparine desulfatd a entre 5 et 15 % 
de groupes amino primaires. par rapport a la somme des groupes amino primaires initJaux et des 
restes N-sulfates inttiaux dans I'heparine native. 

4. Materiau selon I'une quelconque des revendications 1 a 3. dans lequel ladite desulfatation partielle est 
erfectuee dans I ac.de sulfurique aqueux. 

5. Materiau selon I'une quelconque des revendications 1 a 4. dans lequel ledit support est choisi parmi le 
polypropylene, le chlorure de polyvinyl et le polyurethanne. 



6 



Matenau selon la revendicatJon 1. dans lequel ledit support est un copolymere polyamide/poly#ther. 
? ' gluterlldehyde qU8lC ° nque d6S revendications 1 & 6, dans lequel ledit agent de couplage est le 



8. 



Materiau selon la revendication 2. dans lequel ledit copolymere contenant du methacrylate d'hydroxyS- 
thyle (HEMA) et du methacrylate de methyle (MMA) ne contient pas moins de 30 % de methacrylate 
d hydroxyethyle (HEMA). ' 

9. Dispositif medical dans lequel au moins une portion de celui-ci en contact avec le sang est formed du 
matenau selon I'une quelconque des revendications 1 a 8. 

10. Fibre creuse dans laquelle au moins une portion de celle-ci en contact avec le sang est formee du 
materiau selon I'une quelconque des revendications 1 a 8. 

11. Oxygenateur comprenant une membrane poreuse ayant de nombreux micropores comme membrane 
dechange de gaz, dans lequel une surface de la membrane sur laquelle on fait circuler le sang est 
formee du matenau selon I'une quelconque des revendications 1 a 8. 
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12. Oxygenateur selon ia revendication 11 dans lequel lesdits micropores de ladite membrane poreuse 
sont gamis avec de nombreuses fines particules ayant une dimension de particule inferieure au 
diametre des pores. 

13. Oxygenateur selon la revendication 12, dans lequel lesdites fines particules sont des particules de 
si lice. 

14. Procede pour la production d'un materiau medical selon la revendication 1 qui comprend les etapes 
suivantes : 

(a) on traite un support de poly me re par ozonation pour y introduire des groupes fonctionnels ; 

(b) on effectue le couplage d'un compose ayant deux groupes amino primaires ou plus avec lesdits 
groupes fonctionnels ; et 

(c) on lie de maniere convalente lesdits groupes fonctionnels du support oxyde et les groupes amino 
de I'heparine partiellement desulfatee au moyen d'un agent de couplage. 

15. Procede pour la production d'un materiau medical selon la revendication 2 qui comprend les etapes 
suivantes : 

(a) on recouvre un support avec un copoiymere de HEMA et de MMA constitue de sequences 
separees de HEMA et de MMA, la sequence de HEMA contenant un compose ayant des groupes 
epoxy ; 

(b) on fait reagir un compose ayant deux groupes amino primaires ou plus avec ledit support rev§tu 
; et 

(c) on lie de manure covalente les groupes amino du support et les groupes amino de I'heparine 
partiellement d£sulfat£e au moyen d'un agent de couplage. 

-*■ 

16. Procede selon Tune quelconque des revendications 14 ou 15 dans lequel ledit agent de couplage est 
un compose ayant au moins deux groupes aldehydes. 

17. Proced£ selon la revendication 16 dans lequel ledit compose ayant au moins deux groupes aldehydes 
est le glutaraldehyde. 

18. Procede selon I'une quelconque des revendications 15 h 17 dans lequel ledit compose contenant des 
groupes epoxy est le methacrylate de glycidyle. 

19. Proced£ pour produire un oxygenateur selon la revendication 1 1 dans lequel ledit materiau est prepare 
par le procede selon I'une quelconque des revendications 14 a 18. 
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